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(54) ROTARY FUSING FURNACE AND METHOD FOR GASIFYING WASTES USING THE ROTATING 
FUSING FURNACE 

(57) . The present invention relates to a swirling-type 
melting furnace for gasifying combustible wastes and/or 
coal, and a method of gasifying wastes by the swirling- 
type melting furnace. In the swirling-type melting fur- 
nace (5), gaseous materials supplied to a combustion 
chamber (6) forms a swirling flow which includes an 
outer swirling flow primarily containing particulate com- 
bustibles and an inner swirling flow primarily containing 
gaseous combustibles. Oxygen is supplied through an 
inner wall of the combustion chamber (6) to the outer 
swirling flow primarily containing the particulate com- 
bustibles for thereby accelerating gasification of the par- 
ticulate combustibles. 
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Description 
Technical Field 

s [0001 ] The present invention relates to a swirling-type melting furnace for gasifying various combustible wastes and/or 
coal, and a method for gasifying wastes by such a swirling-type melting furnace, and more particularly to a method for 
treating wastes to achieve thermal recycling, material recycling, and chemical recycling. 

Background Art 

10 

[0002] It has heretofore been customary to treat a considerable amount of wastes such as municipal wastes, waste 
tires, sewage sludges, and industrial sludges with dedicated incinerators. Night soil and highly concentrated wastes 
have also been treated with dedicated wastewater treatment facilities. However, large quantities of industrial wastes are 
still being discarded, thus causing environmental pollution and shortage of landfill sites. There has been a demand for 
15 practical use of gasification and slagging combustion systems in which wastes are gasified at a low temperature and 
then the generated gases are combusted at a high temperature to convert ash content into molten slag and to decom- 
pose dioxins completely. 

[0003] A certain domestic chemical company has already industrialized a technology for producing ammonia from 
hydrogen which has been produced by gasifying coal. According to this technology, a Texaco-type gasification furnace 

20 is used. In the Texaco-type gasification furnace, a coal-water mixture produced by pulverizing coal and mixing the pul- 
verized coal with water is supplied together with oxygen from a downwardly directed burner to gasify the mixture in a 
single stage at a high temperature of 1500°C. The coal is converted into the coal-water mixture which is of a concen- 
tration of about 65 % coal, and hence can be gasified stably under a high pressure of 40 atm. The Texaco-type gasifi- 
cation furnace is also used in demonstration plants, for combined-cycle power generation system in the U.S.A. 

25 Examples are the Cool Water project at Daggett in California and the Tampa power project at Tampa in Florida. 

[0004] FIG. 15 of the accompanying drawings shows a coal gasification process employed in the Cool Water project. 
As shown in FIG. 15, the system for performing the coal gasification process includes a Texaco-type waste-heat-boiier- 
type gasification furnace 1 00 having a combustion chamber 1 06, a slag separation chamber 1 07, a radiation boiler 1 08, 
and a water tank 1 09. The system further includes a lock hopper 11 0, a reservoir 1 1 1 , a screen 1 1 2, a convection boiler 

30 1 13, a scrubber 1 14, and a reservoir 1 1 5. The symbols, a, c, d, and g represent a highly concentrated coal-water mix- 
ture, oxygen, steam, and slag granules (composed of coarse slag granules g c and fine slag particulates g f ) respectively. 
Further, the symbols, h, i, and j represent generated gas, water, and residual carbon, respectively. 
[0005] FIG. 16 of the accompanying drawings shows a direct-quench-type gasification furnace as another Texaco- 
type gasification furnace. In FIG. 16, the direct-quench-type gasification furnace has a burner 101, a throat 102, a guide 

35 tube pipe 103, a gas outlet 104, a slag separation chamber 107, a combustion chamber 106, a water tank 109, a slag 
outlet 1 1 6, and a cooling water pipe 1 1 7. The symbols, a, c, g, and h represent a highly concentrated coal-water mix- 
ture, oxygen, slag granules, and generated gas, respectively. Further, the symbols, k, m, n, o, and p represent make-up 
water, wastewater, slag mists, slag layer, and slag droplets, respectively. 

[0006] The highly concentrated coal-water mixture a is blown together with the oxygen (0 2 ) c from the burner 1 on 
40 the top of the furnace into the combustion chamber 6. In the combustion chamber, the highly concentrated coal-water 
mixture a is gasified at a high temperature under a high pressure to generate gas composed mainly of hydrogen (H 2 ), 
carbon monoxide (CO), carbon dioxide (CO2) and steam (H 2 0). Ash content in the coal is melted at the high tempera- 
ture and converted into the slag mists n which are mostly attached to the wall surface of the furnace, thus forming the 
slag layer o. The slag flowing down in the slag layer o passes through the throat 102, and falls as the slag droplets p 
45 into the slag separation chamber 107. The slag mists n that remain in the gas enter into the slag separation chamber 
107 through the throat 102 together with the gas. In the slag separation chamber 107, the gas and the slag mists go 
down in the guide tube 1 13, and are blown into water in the water tank 109 and cooled therein. After the gas is cooled 
to a saturation temperature of the water under the conditions at that time, it is discharged from the gas outlet 1 04. The 
slag granules g which have been water-quenched into a glass-like material are deposited on the bottom of the water 
50 tank 9, and then discharged from the slag outlet 1 16. The water in the water tank 1 09 is discharged as the wastewater 
m into a discrete settler (rati shown). 

[0007] According to the process of gasifying wastes at a low temperature and then gasifying them at a high temper- 
ature, the high-temperature gasification furnace at the subsequent stage suffers the following problems: The gas sup- 
plied from the low-temperature gasification furnace to the high-temperature gasification furnace contains combustible 
55 gas such as hydrogen or carbon monoxide having a high combustion rate and char having a very low combustion rate. 
Therefore, when the gas is contacted with oxygen, the combustible gas having a high combustion rate is selectively par- 
tially combusted. Therefore, the conversion ratio of char into gas is low. 

[0008] When the gas flows in an opposite direction of gravity since the slag flows by gravity in an opposite direction 
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of the gas flow, the slag contained in the gas. tends to be deposited on the furnace wall and glow to such an extent as 
to clog the passage of the gas. 

[0009] It is therefore an object of the present invention to provide a two-stage gasification system comprising a swirl- 
ing-type melting furnace which is capable of treating various wastes without converting them into a cool-water mixture, 
5 having a high toad capacity, and producing a relatively small amount of residual carbon. 

Disclosure of invention 

[001 0] In order to achieve the above object, according to the present invention, there is provided a swirling-type melt- 
10 ing furnace comprising: a combustion chamber for gasifying or combusting combustible gaseous materials containing 
particulate solid at a high temperature; and a slag separation chamber for separating and cooling molten slag gener- 
ated by gasification or combustion, the gaseous materials supplied to the combustion chamber being swirled to form a 
swirling flow, the swirling flow including an outer swirling flow primarily containing particulate combustibles and an inner 
swirling flow primarily containing gaseous combustibles, oxygen being supplied through an inner wall of the combustion 
is chamber to the outer swirling flow primarily containing the particulate combustibles, thereby promoting gasification of 
the particulate combustibles. Further, the swirling-type melting furnace is characterized by the swirling flow which is 
directed downwardly. 

[001 1 ] An introduction section for gaseous materials and oxygen-containing gas which is coaxial with the combustion 
chamber and has a diameter which is 1/4 to 3/4, preferably 1/3 to 1/2, of the diameter of the combustion chamber is 
20 provided, and by providing the inlets and nozzles which are directed tangentially to a hypothetical cylinder, the gaseous 
materials and the oxygen-containing gas supplied thereto form a swirling flow. 

[001 2] Otherwise, combustible gas containing combustible particulate solid is supplied to the introduction section dis- 
posed immediately above the combustion chamber and having a diameter smaller than the diameter of the combustion 
chamber, thereby forming a swirling flow. Under centrifugal forces which are generated, the particulate solid in the gas 

25 is concentrated in the vicinity of a wall surface of the introduction section, and supplied to the combustion chamber hav- 
ing a diameter larger than that of the introduction section while the swirling flow is being maintained. 
[0013] In the high-temperature gasification furnace, two or more nozzles for the oxygen-containing gas may be pro- 
vided apart from the others on a side of the combustion chamber below the introduction section, or may be provided 
vertically apart from the others on a side of the combustion chamber. The said nozzles may be directed substantially 

30 tangentially to a hypothetical circle. The combustion chamber has an internal temperature ranging from 1200 to 
1600°C, preferably 1200 to 1500°C, and an internal pressure near normal pressure or ranging from 5 to 90 atm, pref- 
erably 10 to 40 atm. The oxygen-containing gas blown into the combustion chamber may comprise air or oxygen- 
enriched air or oxygen, or one of the above gases to which steam or carbon dioxide gas is added. The combustion 
chamber may be of a boiler structure with water pipes disposed in a furnace refractory. 

35 [0014] The slag separation chamber connected to a lower portion of the combustion chamber may have a space 
between a radiation boiler and a side of the slag separation chamber, and the gas outlet may be provided in an upper 
portion of a side of the space, with a gas passage between the radiation boiler and a water level in the water tank. Alter- 
natively, the radiation boiler may be submerged in water in the water tank. 
[001 5] Instead of the radiation boiler, guide tube for preforming no heat recovery may be used. 

40 [001 6] A gas flow straightening plate may be disposed at an opening of the outlet of the combustion chamber for sup- 
pressing the swirling flow in the slag separation chamber. 

Brief Description of Drawings 

45 [0017] 

FIG. 1 is a schematic diagram of a gasification system of wastes which incorporates a swirling-type melting furnace 
according to the present invention; 

FIG. 2 is a cross-sectional view of a swirling-type melting furnace according to the present invention; 
so FIG. 3 is a horizontal cross-sectional view of the swirling-type melting furnace shown in FIG. 2; 

FIG. 4 is a cross-sectional view of a swirling-type melting furnace different from the swirling-type melting furnace 
shown in FIG. 2; 

FIGS. 5(a) and 5(b) are horizontal cross-sectional views of the swirling-type melting furnace shown in FIG. 4, 
respectively; 

55 FIG. 6 is a cross-sectional view of another swirling-type melting furnace different from the swirling-type melting fur- 
nace shown in FIG. 2; 

FIG. 7 is a cross-sectional view of another swirling^type melting furnace different from the swirling-type melting fur- 
nace shown in FIG. 1 ; 
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FIG. 8 is a cross-sectional view of another swirling-type melting furnace different from the swirling-type melting fur- 
nace shown in FIG. 2; 

FIG. 9 is a schematic diagram of another gasification system which incorporates a swirling-type melting furnace 
according to the present invention; 

FIG. 10 is a schematic diagram of still another gasification system which incorporates a swirling-type melting fur- 
nace shown in FIG. 2; 

FIG. 1 1 is a cross-sectional view of an internal revolving -type f luidized-bed furnace used for a low-temperature gas- 
ification; 

FIG. 12 is a horizontal cross-sectional view of a f luidized-bed in the internal revolving-type f luidized-bed furnace 
shown in FIG. 11; 

FIG. 13 is a cross-sectional view of another internal revolving-type fiuidized-bed furnace different from the internal 
revolving-type f luidized-bed furnace shown in FIG. 11; 

FIG. 14 is a horizontal cross-sectional view of a f luidized-bed in the internal revolving-type f luidized-bed furnace 
shown in FIG. 13; 

FIG. 1 5 is a cross-sectional view of a Texaco-type waste-heat-boiler-type gasification furnace; 

FIG. 16 is a cross-sectional view of a Texaco direct-quench-type gasification furnace; and 

FIG. 17 is a cross-sectional view of another swirling-type melting furnace different from the swirling-type melting 

furnace shown in FIG. 2. 

Best Mode for Carrying out the Invention 

[0018] The present invention will be described in detail with reference to drawings. 

[0019] FIG. 1 shows a two-stage gasification system of wastes which incorporates a f luidized-bed gasification furnace 
as a low-temperature gasification furnace and a swirling-type melting furnace as a high-temperature gasification fur- 
nace according to the present invention. The two-stage gasification system comprises a f luidized-bed gasification fur- 
nace 1 having a f luidized-bed 2, a lock hopper 3, a screen 4, a swirling-type melting furnace 5 having a combustion 
chamber 6, a slag separation chamber 7, a radiation boiler 8 and a water tank 9, a lock hopper 10, a reservoir 11, a 
screen 12, a convection boiler 13, a scrubber 14, and a reservoir 15. The symbols, q, b, c, d, and e represent wastes, 
coal, oxygen, steam, and sand, respectively. The symbols, f, g, h, i, and j represent incombustibles, slag granules (com- 
posed of coarse slag granules g c and fine slag particulates g f ), generated gas, water, and residual carbon, respectively. 
[0020] Combustible wastes that can be treated by the two-stage gasification system shown in FIG. 1 include municipal 
waste, refuse-derived fuel, solid-water mixture, plastic wastes, FRP wastes, biomass wastes, automobile wastes, and 
low-grade coal, and the like. The refuse-derived fuel is produced by crushing and classifying municipal wastes, adding 
quicklime to the classified municipal wastes, and compacting them to shape. The solid water mixture (SWM) is pro- 
duced by crushing municipal wastes, converting them into a slurry by adding water, and converting the slurry under a 
high pressure into an oily fuel by hydrothermal reaction. The FRP is fiber-reinforced plastics. The biomass wastes 
include wastes from water works or sewage plants (misplaced materials, sewage sludges), agricultural wastes (rice 
husk, rice straw), forestry wastes (sawdust, bark, lumber from thinning), industrial wastes (pulp-chip dust), and con- 
struction wastes. The low-grade coal may be peat having a low coalification, or coal wastes which are discharged from 
coal separation. 

[0021 ] The combustible wastes a are supplied at a constant rate to the f luidized-bed gasification furnace 1 . Use of an 
internal revolving-type f luidized-bed furnace is highly advantageous in that it can be supplied with the combustible 
wastes in a roughly crushed condition in a preparation process. Since the wastes q vary unavoidably in quality, a certain 
amount of coal is added to the wastes q for stabilizing operating conditions and gas compositions. The f luidized-bed 
gasification furnace 1 is supplied with a mixture of oxygen c and steam d as a fluidizing gas. The wastes q and the coal 
b which are supplied to the fluidized-bed gasification furnace 1 are contacted with a gasifying agent of oxygen c and 
steam d, then quickly pyrolized and gasified in the fluidized-bed 2 composed of sand e which is kept at a temperature 
ranging from 550 to 850°C. 

[0022] The incombustibles f in the wastes q are discharged together with the sand e from the bottom of the fluidized- 
bed gasification furnace 1 , and supplied through the lock hopper 3 to the screen 4. Urge incombustibles are separated 
and removed therefrom by the screen 4. The sand e under the screen 4 is conveyed upwardly and returned to the flu- 
idized-bed gasification furnace 1 . Metals in the incombustibles f are recovered in an unoxidized and clean condition 
because the fluidized-bed 2 in the fluidized-bed gasification furnace 1 is kept at a relatively low temperature and in a 
reducing atmosphere. The sand e in the fluidized-bed 2 makes a revolving flow in such a manner that the sand 
descends in the central region and ascends in the peripheral region of the fluidized-bed. Therefore, the wastes q can 
be gasified highly efficiently. Solid carbon which has been generated by gasification is crushed by the revolving flow of 
the sand to be converted into fine particles that are conveyed by an upward gas flow. The sand e which is used as a 
bed material in the gasification furnace preferably comprises silica sand that is hard and readily available. The hard bed 
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material makes it possible to pulverize the solid carbon with ease by its fluidization and revolving motion. In the case of 
silica sand, its average diameter is in the range of 0.4 to 0.8 mm. 

[0023] The gas generated in the gasification furnace 1 , which contains the solid carbon, is tangentically blown into an 
upper portion of the combustion chamber 6 in the swirling-type melting furnace 5 in an accelerated state so as to form 

s a swirling flow, and is mixed with oxygen c supplied from several nozzles so as to form swirling flows and is instantane- 
ously gasified at a high temperature ranging from 1200 to 1500°C. If necessary, the steam d may be added to the oxy- 
gen c. Therefore, ash content in the solid carbon is instantaneously converted into slag mists n. Since the swirling-type 
melting furnace 5 having high load capacity is employed, the swirling-type melting furnace 5 becomes relatively com- 
pact and radiation heat loss can be reduced. The slag mists n can be trapped efficiency because of centrifugal forces 

10 caused by the swirling flow. Inasmuch as the residence time of the gas in the combustion chamber 6 is free of fluctua- 
tions, the amount of residual carbon j is greatly reduced. The residence time of the gas in the combustion chamber 6 is 
in the range of from 2 to 10 second, preferably from 3 to 6 second. If carbon loss can be reduced, the load on a facility 
for retaining the residual carbon to the gasification furnace can be lowered. 

[0024] FIG. 2 is a vertical cross-sectional view of the swirling-type melting furnace, and FIG. 3 is a horizontal cross- 
es sectional view of the swirling-type melting furnace taken along line A of FIG. 2. In FIGS. 2 and 3, the generated gas h 
from the fluidized-bed gasification furnace 1 and the oxygen c supplied through a side wall of the swirling-type melting 
furnace 5 form a swirling flow having the same diameter as the diameter of a hypothetical circle when they are blown 
tangentially to a hypothetical cylinder. 

[0025] The diameter of the hypothetical circle formed by the swirling flow is in the range of 1/2 to 1/3 of the inner diam- 
20 eter r of the swirling-type melting furnace 5. In the case where the inner diameter r of the swirling-type melting furnace 
5 is larger than 1 .5 m, it is preferable to allow the hypothetical circle to be spaced at about 250 mm from the furnace 
wall. In the case where the diameter of the hypothetical circle is larger than the diameter of the thus spaced hypothetical 
circle, the flames will directly contact the furnace wall to accelerate damage to the furnace wall. The generated gas h 
and the oxygen c are blown downwardly from the horizon at an angle ranging from 3 to 15°, preferably from 5 to 10°. 
25 When the gas h is blown just horizontally, there is a possibility that a part of char contained therein will enter a dead 
space in the upper portion of the combustion chamber 6 and create a lump of slag. In the case where the generated 
gas h is blown at a downward angle, ail of char contained therein can be conveyed by the swirling flow. However, if the 
downward angle at which the gas h is blown is too large, then gaps will be created between streams of the swirling flow, 
thus shortening the substantial residence time of the gas in the combustion chamber and lowering gasification effi- 
30 ciency. The oxygen e should also preferably be blown at the same angle as the gas h to promote, rather than disturb, 
the swirling flow created by the gas h. 

[0026] A method of blowing the gas h generated by gasif ication and the oxygen c into the combustion chamber is illus- 
trated in FIG. 1 7. As shown in FIG. 1 7, the generated gas h, the oxygen c, and the steam d are blown into the combus- 
tion chamber at an angle inclined downwardly from the horizon. 
35 [0027] The generated gas h from the fluidized-bed gasification furnace 1 flows at a speed ranging from 1 0 to 30 
m/sec, and the oxygen c supplied through the side wall of the swirling-type melting furnace 5 flows at a speed ranging 
from 20 to 60 m/sec. 

[0028] If the gaseous materials contain a large amount of combustible particles such as char, it is preferable to mix 
oxygen with steam. This is because the amount of steam supplied to the fluidized-bed gasification furnace is insufficient 
40 to the amount of steam required for converting carbon into carbon monoxide (CO) and hydrogen with a water gas reac- 
tion. 

[0029] Swirling the gaseous materials in the gasification zone in this way can bring the char r and the oxygen c into 
direct contact with each other for thereby increasing the carbon conversion ratio and the cold gas efficiency. It is pref- 
erable to allow the swirling flow to be spaced from the furnace wall for thereby reducing damage to the furnace wall and 

45 lowering heat transmission from the refractory material to the boiler tubes. 

[0030] For designing the structure of the joint between the outlet of the combustion chamber 6 and the slag separation 
chamber 7 in the swirling-type melting furnace 5, it is necessary to consider two requirements for weakening the swirl- 
ing flow and preventing slag from being deposited on the radiation boiler 8. The gas flowing into the slag separation 
chamber 7 descends within the radiation boiler 8 while its swirling flow is being weakened. The gas whose temperature 

so is lowered by absorption of radiation heat passes through a passage between the water level and the radiation boiler 8, 
and then ascends behind the radiation boiler 8. After a heat exchange with the radiation boiler 8, the gas is discharged 
from the slag separation chamber 7. Slag flowing down from the combustion chamber 6 drops into water in the water 
tank 9 and is quenched. The slag granules g stored in the water tank 9 are discharged into the reservoir 1 1 through the 
lock hopper 10. Since the coarse slag granules g c collected in the reservoir 1 1 do not contain residual carbon, they will 

55 be utilized as various construction and building materials or a cement material. Most of the slag granules collected in 
the water tank 9 of the slag separation chamber 7 is the coarse slag granules g c . 

[0031] The gas which has been discharged from the swirling-type melting furnace 5 is supplied to the convection 
boiler 1 3 where the heat is recovered again, and then fully washed by the scrubber 1 4. If the wastes q contain vinyl chlo- 
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ride, then the gas generated therefrom contains highly concentrated HCI (hydrogen chloride). However, such HCI can 
be removed almost completely by scrubbing the gas with an aqueous solution of an alkali agent such as NaOH (sodium 
hydroxide) or Na 2 C0 3 (sodium carbonate). A small amount of slag mists n and unreacted carbon j which have been 
conveyed by the gas from the slag separation chamber 7 are trapped by the scrubber 14. The fine slag particulates g f 
5 which are discharged to and settled and concentrated in the reservoir 15 should preferably be returned to the gasifica- 
tion furnace because they contain a considerable amount of residual carbon j. Although no flowchart for a downstream 
of the scrubber 14 is illustrated, the gas from the scrubber 14 will be refined in accordance with the method depending 
on the purpose of utilizing the gas. 

[0032] Table 1 shows water contents, ultimate analysis, and calorific values of a mixture (to be gasified) of coal, plastic 
io wastes, shredder dust, and sewage sludge which have respective ratios of 40 : 30 : 20 : 10. 



Table 1 



25 



Analysis of gasification materials 




Coal 


Plastic wastes 


Shredder dust 


Sewage Sludge 


Mixture 


Water % (wet) 


8.0 


4.7 


7.2 


81.3 


14.2 


C%(dry) 


66.8 


54.0 


49.0 


35.7 


58.0 


H%(dry) 


5.0 


8.2 


6.6 


4.5 


6.4 


G%(dry) 


7.3 


27.6 


22.9 


23.8 


17.8 


N%(dry) 


1.7 


0.3 


0.6 


2.1 


1.0 


S%(dry) 


4.2 


0.07 


0.19 


0.5 


1.88 


CI % (dry) 




2.09 


2.04 




1.14 


Ash % (dry) 


15.0 


7.74 


18.7 


33.4 


13.8 


1* 


6,910 


6,040. 


5,405 


3,535 


6,222 


2* 


6,357 


5,756 


5,016 


661 


5,339 


3* 


40 


30 


20 


10 





Higher calorific value kcal/kg (dry base) 
Higher calorific value kcal/kg (wet base) 
Weight percent % (wet base) 



40 

Table 2 



Material balance (for 1000 kg/h of mixture) 




Inflow 


Outflow 




Mixture 


Gas supplied to gas- 
ification furnace 


Gas supplied melt- 
ing furnace 


Incombustibles to 
from gasification fur- 
nace 


Gas from melting 
furnace 


Water kg/hr 


141.8 


547,3 






689.1 


Ckg/hr 


497.8 








497.8 


H kg/hr 


54.8 








54.8 


O kg/hr 


'52.8 


243.2 


486.4 




882.4 


N kg/hr 


8.6 








8.6 


S kg/hr 


16.2 








16.2 


CI kg/hr 


9.8 








9.8 



6 



EP 0 926 441 A1 



Table 2 (continued) 



Material balance (for 1000 kg/h of mixture) 




Inflow 


Outflow 




Mixture 


Gas supplied to gas- 
ification furnace 


Gas supplied melt- 
ing furnace 


Incombustibles to 
from gasification fur- 
nace 


Gas from melting 
furnace 


Ash kg/hr 


118.2 






39.4 


78.8 


Total kg/hr 


1,000 


790.5 


486.4 


39.4 


2,237.5 


2,276.9 


2,276.9 



[0033] Table 2 shows an expected material balance. 

15 [0034] It can be seen from Table 2 that for 1 ,000 kg/hr of mixture, 790.5 kg/hr of oxygen and steam needs to be sup- 
plied to the gasification furnace and 486.6 kg/hr of oxygen needs to be supplied to the melting furnace, and 2,237.5 
kg/hr of gas is obtained from the melting furnace. As for the gas from the melting furnace, 78.8 kg/hr is ash content, with 
80 - 90 % of the ash content being coarse slag granules and 1 0 - 20 % thereof being fine slag particulates. 
[0035] Table 3 shows wet and dry compositions of the gas from the outlet of the combustion chamber of the melting 

20 furnace. 



Table 3 



Gas composition from melting furnace combustion chamber 




Wet composition 


Dry composition 


Water Vol. % 


35.7 




H 2 Vol. % 


24.2 


37.7 


CO Vol. % 


26.0 


40.4 


C0 2 Vol. % 


12.8 


19.8 


NH 3 , HCl, H 2 S, etc. Vol. % 


1.3 


2.1 



35 

[0036] It can be seen from Table 3 that nearly 80 % of the dry gas composition is H 2 and CO as the combustible gas. 
Since the temperature of the melting furnace is high, almost no CH 4 (methane) is generated. The cold gas efficiency 
obtained from the gas composition shown in Table 3 was 68.9 %. The total quantity of oxygen used as a gasifying agent 
was 45 % of the quantity of oxygen required for complete combustion. 
40 [0037] FIG. 4 shows a cross sectional view of a swirling-type melting furnace according to another embodiment of the 
present invention. 

[0038] In this embodiment, combustible gas containing particulate solid is supplied to an introduction section provided 
immediately above a combustion chamber to create a swirling flow. Under centrifugal forces generated by the swirling 
flow, the particulate solid in the gas is concentrated in the vicinity of the wall surface, and supplied to a combustion 

45 chamber having a diameter larger than a diameter of the introduction section while the swirling flow is being maintained. 
[0039] The introduction section immediately above the combustion chamber, to which the combustible gas containing 
the particulate solid is supplied, has a diameter which should be 1/4 to 3/4, or more preferably about 1/2, of the diameter 
of the combustion chamber. Oxygen-containing gas should be blown into the combustion chamber from two or more 
nozzles oh an upper side wall of the combustion chamber, and in tangential direction to a hypothetical cylinder that is 

so an extension from the inner wall of the introduction section. In this embodiment, since the port from which the generated 
gas is blown and the nozzles from which oxygen is blown are vertically spaced from each other, it is less likely for a lump 
of slag to be formed in a dead space in the upper portion of the combustion chamber than with the embodiment shown 
in FIG. 2. The oxygen-containing gas may be blown at an angle ranging from 10 to 70° downwardly from the horizon. 
By blowing the oxygen-containing gas at the downward angle, the flames can be extended downwardly to prevent the 

55 furnace wall from being damaged by direct exposure to the flames. 

[0040] The temperature in the combustion chamber is set so as to be 50 to 100°C higher than the ash fusion temper- 
ature, and to be in the range of 1200 to 1600°C. Since an increase in the temperature in the combustion chamber accel- 
erates damage to the furnace wall, limestone may be added, if necessary, to lower the ash fusion temperature. 
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[0041] In FIG. 4, the swirling-type melting furnace has an introduction section 18 having a gaseous material inlet 19, 
and boiler water tubes 20. The symbols, s, t, and f represent gaseous materials, char, and a concentrated char layer, 
respectively. The gas s and the char t which have been generated in a low-temperature gasification furnace (not shown) 
at a preceding stage are supplied to the gaseous material inlet 19 of the introduction section 18 of the swirling-type 
$ melting furnace 5, and create a strong swirling flow in the introduction section 18. Under centrifugal forces created by 
the swirling flow, the char t in the gas is concentrated in the vicinity of the wall surface, thus forming the cylindrical char 
concentrated layer t\ FIG. 5(a) is a cross-sectional view taken along line A - A of FIG. 4 and showing the introduction 
section. As shown in FIG. 5(a), the concentrated layer f of the char t is formed along the wall surface of the introduction 
section 18. 

to [0042] Referring back to FIG. 3, when the gas is introduced into the combustion chamber 6 in a swirling state, the 
oxygen c and the steam d are blown from four nozzles 22 disposed at equal intervals in the upper portion of the com- 
bustion chamber to conduct gasification at a high temperature of about 1400°C, thereby generating gas mainly com- 
posed of hydrogen, carbon monoxide, carbon dioxide, and steam. In FIG. 3, the four oxygen blowing nozzles are 
disposed at equal intervals in the upper portion of the combustion chamber. However, the number of oxygen blowing 
ts nozzles is not limited to the illustrated number, but may be increased or decreased, if necessary, depending on the size 
of the swirling-type melting furnace 5. In FIG. 4, the ash content in the char t trapped by the wall surface of the gas intro- 
duction seclion 1 8 may be partly melted by the radiation heat from the combustion chamber 6, and there form clinker. 
In order to solve this problem, it is effective to supply a part of the oxygen c and the steam d into the introduction section 
1 8 to increase the temperature in the introduction section 1 8. 
SB [0043] Since the char t is burned at a high temperature, the ash content in the char t becomes slag mists n. FIG. 5(b) 
is a cross-sectional view taken along line B - B of FIG. 4 and showing an upper portion of the combustion chamber. As 
shown in FIG. 5(b). the oxygen c is blown downwardly from portions around the combustion chamber 6 to directly strike 
the cylindrical char concentrated layer f produced in the introduction section 18, thereby oxidizing and decomposing the 
char t preferentially to thus be a heat source for gasification. In this way, the highly efficient gasification with reduced 
25 production of the residual carbon 3 can be accomplished. 

[0044] Most of the slag mists n is deposited on the wall surface by the swirling flow, thus forming a thin slag layer o. 
The gas and the slag mists n remaining in the gas pass through the throat 24 and enter the slag separation chamber 7. 
Similarly, the slag flowing down the slag layer o on the wall surface of the combustion chamber drops as slag droplets 
p into the slag separation chamber 7. The gas and the slag passing through a guide tube 17 are cooled by water from 
30 auxiliary spray nozzles 30 disposed circumferentially at a joint corner of the guide tube 1 7 beneath the throat 24 while 
at the same time the inner wall surface of the guide tube 1 7 is being cooled. Thereafter, the gas and the slag are blown 
into the water in the water tank 9 and quenched. The gas ascending along the outside of the guide tube 17 is dis- 
charged from a gas outlet 26 in the slag separation chamber 7. In this embodiment, since the guide tube 1 7 is of a boiler 
structure, it is not necessary to cool the guide tube 1 7. The slag g deposited on the bottom of the water tank 9 is dis- 
ss charged from a slag outlet 28. The residual carbon j is recycled as a gasification material, and should preferably be 
small in quantity. 

[0045] FIG. 6 shows another swirling-type melting furnace according to the present invention. The swirling-type melt- 
ing furnace has a radiation boiler 8 in a slag separation chamber 7 and also has a water tank 9 at the bottom of the slag 
separation chamber 7. The gas and the slag generated in the combustion chamber 6 enter into the slag separation 

40 chamber 7 through the throat 24. The radiation boiler 8 in the slag separation chamber 7 efficiently absorbs the radia- 
tion heat of the gas and the slag. The gas that has passed through the radiation boiler 8 is turned over immediately 
above the water level, and the slag droplets are caused to fall into the water due to inertia force. Thereafter, the gas is 
discharged from a gas outlet 26 in a side wall of the slag separation chamber 7. Because the gas is supplied to a con- 
vection boiler (not shown) at a subsequent stage without direct contact with the water, a large amount of steam having 

45 a high temperature and a high pressure can be recovered. The high-temperature oxidizing furnace of this type is used 
for the purpose of power generation. 

[0046] FIG. 7 shows another swirling-type melting furnace 5 having a radiation boiler 8 on a wall surface of a slag 
separation chamber 7. The slag separation chamber 7 is of a structure which is substantially the same as the slag sep- 
aration chamber shown in FIG. 1 5. Gas flowing down the inside of the radiation boiler 8 is discharged from a gas outlet 

so provided on a side wall between the lower end of the radiation boiler 8 and the water level. A cover for preventing slag 
from entering into the gas outlet is provided in front of the gas outlet. Inasmuch as the radiation boiler 8 is installed apart 
from the area where the slag drops, the swirling-type melting furnace 5 shown in FIG. 7 is advantageous in that the slag 
is less liable to be attached to the radiation boiler 8. However, the swirling-type melting furnace 5 shown in FIG. 7 is 
disadvantageous in that only the inner surface of the radiation boiler 8 is utilized for heat recovery. 

55 [0047] FIG. 8 shows still another swirling-type melting furnace 5 which has a radiation boiler 8 whose lower end is 
extended so as to be submerged in water for thereby blowing the gas into the water. This structure serves to lower the 
temperature of the gas whose heat has been recovered by the radiation boiler 8, to a temperature of 250°C or below all 
at once, and also to trap most of slag mists n and residual carbon 3. Since the amount of evaporated water is increased, 



8 



EP 0 926 441 A1 



the swirling-type melting furnace 5 shown in FIG. 8 is suitable for applications where the steam can effectively be used 
in a subsequent process. One example is an application where all the amount of CO in the generated gas is converted 
into H 2 by a CO shift reaction. However, since the coarse slag granules g Cl the fine slag particulates g f , and the residual 
carbon j are mixed together, they will subsequently be required to be classified by a screen or the like. Further, because 
5 most of metals having low boiling points contained in the wastes are trapped in the water, it should be taken into con- 
sideration that the load on the wastewater treatment is increased. 

[0048] FIG. 9 shows main reactors in a two-stage gasification system for producing a mixture of hydrogen (H 2 ) and 
carbon monoxide (CO) from wastes. The two-stage gasification system comprises a material reservoir 3.1 , a material 
lock hopper 32, a material supply device 33, a fluidized-bed gasification furnace 1 , a swirling-type melting furnace 5, an 

10 air compressor 36, an oxygen compressor 37, an incombustible dischargeer 38, a bed material lock hopper 39, ah 
incombustible lock hopper 40, an incombustible conveyor 41, a magnetic separator 42, a bed material circulating ele- 
vator 43, a magnetic separator 44, a vibrating screen 45, a pulverizer 46, a bed material lock hopper 47, a bed material 
hopper 48, and a gas scrubber 52. The symbols, q, g, f, and e represent wastes, air, incombustibles (a suffix L repre- 
sents incombustibles on the screen of the incombustible discharger 38, a suffix S represents incombustibles under the 

is screen of the incombustible discharger 38, a suffix 1a represents magnetic incombustibles, and a suffix 1b represents 
nonmagnetic incombustibles), sand, respectively. The symbols, r, u, and d represent char, water, and steam, respec- 
tively. 

[0049] The wastes q which have been crushed and classified in a preparation treatment are stored in the material 
reservoir 31 , and then pass through the material lock hopper 32 in which inner pressure is increased to about 40 atm. 

20 Thereafter, the wastes q are supplied at a constant rate to the fluidized-bed gasification furnace 1 by the material supply 
device 33 which is a screw type. A mixture of air g and oxygen (O2) c is delivered as a gasifying agent and at the same 
time a fluidizing gas into the fluidized-bed gasification furnace 1 from its lower portion. The wastes are charged into a 
fluidized-bed of sand e in the fluidized-bed gasification furnace 1, and contacted with the oxygen in the fluidized-bed 
which is kept at a temperature ranging from 550 to 850°C, and hence the wastes are quickly pyroiized and gasified. The 

25 sand is intermittently discharged together with the incombustibles f and the char r from the bottom of the fluidized-bed 
gasification furnace 1 . Large incombustibles f L are separated by the incombustible discharger 38, and depressurized 
by the incombustible lock hopper 40. Thereafter, the large incombustibles f L are elevated by the incombustible conveyor 
41 to the magnetic separator 42 in which they are classified into magnetic incombustibles n L1 such as iron, and non- 
magnetic incombustibles n L2 . The sand under the screen of the incombustible discharger 38 is delivered together with 

30 incombustibles f s and char upwardly by the bed material circulating elevator 43 to the magnetic separator 44 in which 
magnetic incombustibles n s1 are separated. Subsequently, by the vibrating screen 45 and the pulverizer 46 of the ball 
mill type, the incombustibles f and the char r are pulverized, but the sand e of the bed material is not pulverized. The 
incombustibles f and the char r which have been pulverized are returned to the gasification furnace. Metals in the 
incombustibles are recovered in an unoxidized and clean state because the inside of the gasification furnace is in a 

35 reducing atmosphere. 

[0050] Gas, tar, and carbonous materials are generated when the charged wastes are pyroiized and gasified. The 
carbonous materials are pulverized into char by the stirring action of the fluidized-bed. Since the char which is solid 
material is porous and light, it is carried by the flow of gaseous materials comprising gas and tar. The gaseous materials 
h which have been discharged from the gasification furnace are supplied to the swirling-type melting furnace 5 and 

40 introduced into the combustion chamber 6. In the combustion chamber 6, the gaseous materials h are mixed with the 
blown oxygen c in a swirling flow, and oxidized and decomposed at a high temperature of 1400°C. Generated gas, 
which is mainly composed of hydrogen, carbon monoxide, carbon dioxide and steam, is scrubbed and quenched, 
together with the slag g, by direct contact with water in the slag separation chamber 7. The gas h that has been dis- 
charged from the slag separation chamber 7 is supplied to the gas scrubber 52 in which remaining dust, hydrogen chlo- 

45 ride and the like are removed therefrom. Slag granules g deposited in the water tank 9 are discharged from a lower 
portion of the slag separation chamber 7. Wastewater m discharged through a side wall of the slag separation chamber 
7 is treated by a wastewater treatment device (not shown) in the next process. The recovered slag will be utilized mainly 
as a cement material or construction and building materials. 

[0051 ] FIG. 1 0 shows a fluidized-bed gasification furnace 1 by way of example. As the fluidized-bed gasification fur- 
50 nace 1, a fluidized-bed furnace in which a bed material e is circulated between central and peripheral regions of a flu- 
idized-bed 2 is used. As the melting furnace 5, a swirling-type melting furnace in which combustible gas and a gasifying 
agent are swirled at a high speed and combusted at a high temperature is used. 

[0052] Wastes q supplied to the gasification furnace 1 are gasified by being contacted with oxygen and steam in the 
fluidized-bed 2 which is preferably kept at a temperature ranging from 550 to 850°C. Incombustibles f are removed 
55 together with the bed material e, and separated from the bed material e by a screen 4. Only the incombustibles f are 
discharged through a lock hopper 1 0 to the outside of the furnace, and the bed material e is returned to the gasification 
furnace 1 . Gas, tar and char generated by gasification are supplied to a combustion chamber 6 in the melting furnace 
5 at a subsequent stage, and gasified at a high temperature ranging from 1200 to 1500°C. Ash content in the char is 
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melted and converted into slag, and recovered as glass-like granules g from a water tank 9 in a slag separation cham- 
ber 7. A lock hopper 10 and a slag screen 12 are connected to the water tank 9. The generated gas h discharged from 
the melting furnace is supplied to a scrubber 14 in which slag mists and HCI are removed therefrom. After the gas h has 
been subjected to a CO shift reaction and an acd gas removing processes, it is converted into synthesis gas (CO + H 2 ). 
5 Since the purpose of this system is to convex wastes into synthesis gas, the gasification furnace and the melting fur- 
nace are supplied with oxygen c and steam d as a gasifying agent. The gasification furnace and the melting furnace are 
normally operated under a pressurized condition ranging from 10 to 40 atm. 

[0053] In the f luidized-bed gasification furnace, sand (silica sand, Olivine sand, etc.), alumina, iron powder, limestone, 
dolomite, or the like is used as abed material. Among the wastes, biomass wastes, plastic wastes, automobile wastes, 
10 or the like are roughly crushed to a size of about 30 cm. The refuse-derived fuel and the solid water mixture are used 
as they are. The low-grade coal is roughly crushed to a size of 40 mm or smaller. These wastes are classified and 
charged into a plurality of pits, and well stirred and mixed in the respective pits. Thereafter, the wastes are supplied to 
the gasification furnace. 

[0054] FIG. 1 1 is a vertical cross-sectional view of a low-temperature gasification furnace, and FIG. 12 is a horizontal 
is cross-sectional view of the gasification furnace shown in FIG. 1 1 . In the gasification furnace shown in FIG. 1 1 , fluidizing 
gases supplied to a fluidized-bed furnace 1 through a fluidizing gas dispersing mechanism disposed in the bottom 
thereof include a central fluidizing gas 207 supplied as an upward flow into the furnace from a central furnace bottom 
region 204 and a peripheral fluidizing gas 208 supplied as an upward flow into the furnace from a peripheral furnace 
bottom region 203. 

20 [0055] Each of the central fluidizing gas 207 and the peripheral fluidizing gas 208 is selected from one of three gases, 
i.e., oxygen, a mixture of oxygen and steam, and steam. The oxygen content of the central fluidizing gas is lower than 
the oxygen content of the peripheral fluidizing gas 208. The total amount of oxygen in all of the fluidizing gases is set 
to be equal to or lower than 30 % of the theoretical amount of oxygen required for combustion of wastes 211. 
[0056] The mass velocity of the central fluidizing gas 207 is set to be smaller than the mass velocity of the peripheral 

25 fluidizing gas 208. The upward flow of the fluidizing gas in an upper peripheral region of the furnace is deflected toward 
a central region of the furnace by a deflector 206. Thus, a descending fluidized-bed 209 of the bed material (composed 
generally of silica sand) is formed in the central region of the furnace, and an ascending f luidized-bed 210 is formed in 
the peripheral region of the furnace As indicated by the arrows 1 18, the bed material ascends in the ascending f luid- 
ized-bed 210 in the peripheral region of the furnace, is deflected by the deflector 206 into an upper portion of the 

30 descending f luidized-bed 209, and descends in the descending f luidized-bed 209. Then, as indicated by the arrows 
112, the bed material moves along the fluidizing gas dispersing mechanism 106 and flows into a lower portion of the 
ascending f luidized-bed 210. In this manner, the bed material circulates in the ascending f luidized-bed 210 and the 
descending f luidized-bed 209 as indicated by the arrows 1 18, 1 12. In the case that the f luidized-bed has a small diam- 
eter, then the deflector 6 may be dispensed with because the flow of sand is turned over without the deflector 6. 

35 [0057] While the wastes 21 1 supplied from a combustible inlet 1 04 to the upper portion of the descending f luidized- 
bed 209 descend together with the bed material in the descending fluidized-bed 209, the wastes 21 1 are gasified by 
the heat of the bed material. Because there is no or little oxygen available in the descending fluidized-bed 209, a high 
calorific gas generated by gasification is not combusted and passes through the descending fluidized-bed 209 as indi- 
cated by the arrows 1 16. Consequently, the descending fluidized-bed 209 forms a gasification zone G. The generated 

40 gas moves into a freeboard 102 as indicated by the arrow 120. 

[0058] Char which has not been gasified in the descending fluidized-bed 209 moves together with the bed material 
from a lower portion of the descending fluidized-bed 209 to the lower portion of the ascending fluidized-bed 210 in the 
peripheral region of the furnace as indicated by the arrows 1 1 2, and is combusted by the peripheral fluidizing gas 208 
having a relatively large oxygen content. The ascending fluidized-bed 210 forms an oxidation zone S for combustibles. 

45 In the ascending fluidized-bed 210, the bed material is heated by the heat produced when the char is combusted. The 
heated bed material is turned over by the inclined wall 206 as indicated by the arrows 1 18, and transferred to the 
descending fluidized-bed 209 where it serves as a heat source for gasification. In this manner, the fluidized-bed is kept 
at a temperature ranging from 550 to 850°C. 

[0059] In the gasification furnace shown in FIGS. 11 and 12, the gasification zone G and the oxidation zone S are 
so formed in the fluidized-bed furnace 2, and the bed material becomes a heat medium in both zones. Therefore, combus- 
tible gas having a high calorific value is generated in the gasification zone G, and char is efficiently combusted in the 
oxidation zone S. Consequently, the fluidized-bed furnace 1 can gasify wastes efficiently. 

[0060] In the horizontal cross sectional view of the fluidized-bed furnace 1 shown in FIG. 1 2, the descending f luidizec 
bed 209 which forms the gasification zone G is circular in shape in the central region of the furnace, and the ascending 
55 fluidized-bed 210 which forms the oxidation zone S is annular around the descending fluidized-bed 209. The ascending 
fluidized-bed 210 is surrounded by a ring-shaped incombustible outlet 205. If the gasification furnace 1 is of a cylindrical 
shape, then it can easily keep a high pressure therein. Alternatively, the gasification furnace itself may not be of a pres- 
sure-durable structure, but may be protected by a pressure vessel (not shown) disposed around the gasification fur- 
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nace. 

[0061 ] FIG. 1 3 is a vertical cross-sectional view of another low-temperature gasification furnace, and FIG. 1 4 is a hor- 
izontal cross-sectional view of the gasification furnace shown in FIG. 13. In the gasification furnace shown in FIG. 13, 
fluidizing gases comprise a central fluidising gas 207, a peripheral f luidizing gas 208, and an intermediate f iuidizing gas 

5 207' supplied to the furnace from an intermediate furnace bottom region between the central and peripheral furnace 
bottom regions. The mass velocity of the intermediate fluidizing gas 207' is set to a value selected between the mass 
velocity of the central fluidizing gas 207 and the mass velocity of the peripheral fluidizing gas 208. The central fluidizing 
gas is selected from one of three gases, i.e., steam, a mixture of steam and oxygen, and oxygen. 
[0062] In the gasification furnace shown in FIG. 1 3, as is similar to the gasification furnace shown in FIG. 1 1 , each of 

10 the central fluidizing gas 207 and the peripheral fluidizing gas 208 is selected from one of three gases, i.e., oxygen, a 
mixture of oxygen and steam, and steam. The oxygen concentration of the intermediate fluidizing gas is set to a value 
selected between the oxygen concentration of the central fluidizing gas and the oxygen concentration of the peripheral 
fluidizing gas. From the central region to the peripheral region of the f luidized-bed furnace, the oxygen concentration of 
the gases increases. The total amount of oxygen in all of the fluidizing gases is set to be equal to or lower than 30 % of 

is the theoretical amount of oxygen required for combustion of combustibles. The inside of the furnace is in a reducing 
atmosphere. 

[0063] In the gasification furnace shown in FIG. 14, as is similar to the gasification furnace shown in FIG. 11, a 
descending fluidized-bed 209 in which a bed material descends is formed in the central region of the furnace, and an 
ascending fluidized-bed 210 in which the bed material ascends is formed in the peripheral region of the furnace. The 

20 bed material circulates in the descending fluidized-bed and the ascending fluidized-bed as indicated by the arrows 112, 
118. Between the descending fluidized-bed 209 and the ascending fluidized-bed 210, an intermediate fluidized-bed 
209' in which the bed material moves mainly laterally is formed. The descending fluidized-bed 209 and the intermediate 
fluidized-bed 209* form a gasification zone G, and the ascending fluidized-bed 210 forms an oxidization zone S. 
[0064] In FIG. 13, combustibles 211 supplied into an upper portion of the descending fluidized-bed 209 are heated 

25 and gasified while the combustibles 211 descend together with the bed material in the descending fluidized-bed 209. 
Char that has been generated by the gasification in the descending fluidized-bed 209 moves together with the bed 
material into the intermediate fluidized-bed 209* and the ascending fluidized-bed 210, then is partially combusted. The 
bed material is heated in the ascending fluidized-bed 210, and moves into the descending fluidized-bed 209, thus gas- 
ifies combustibles in the descending fluidized-bed 209. Depending on whether the gasified materials contain a large 

30 amount or a small amount of voiatiles, the oxygen concentration of the intermediate fluidizing gas 207" may be either 
reduced for thereby performing gasification mainly or increased for thereby performing combustion mainly. 
[0065] In the horizontal cross sectional view of the fluidized-bed furnace shown in FIG. 14, the descending fluidized- 
bed 209 which forms the gasification zone is circular in shape in the central region of the furnace, and the intermediate 
zone 209' formed by the intermediate fluidizing gas 207' is disposed around the descending fluidized-bed 209. The 

35 ascending fluidized-bed 210 which forms the oxidization zone S is annular around the intermediate zone 209'. The 
ascending fluidized-bed 210 is surrounded by a ring-shaped incombustible outlet 5. 

[0066] In the above embodiments, the swirling-type melting furnace is used as a high-temperature gasification fur- 
nace. However, the swirling-type melting furnace may also be used as a high -temperature combustion furnace. In the 
cases where the low calorific value of wastes is smaller than 3500 kcai/kg, the swirling-type melting furnace should pref- 
40 erably be used as a combustion furnace for the purpose of recovering steam having a high temperature and a high 
pressure. The cases that the wastes are primary combustible materials and the coal is an auxiliary combustible material 
are shown in the embodiments, but the swirling melting furnace may be used to treat a combustible material which com- 
prises 100 % of coal, i.e., coal only. 

[0067] According to the present invention having the above specified arrangements, the following advantages can be 
45 obtained: 

(1) The combustion chamber in the melting furnace is of the swirling-type to thus perform a high load capacity. 

(2) The combustion chamber is of a boiler structure for thereby protecting the furnace refractory and recovering an 
increased amount of steam. 

so (3) A space is provided between the radiation boiler and the wall surface of the slag separation chamber, and the 
gas which has descended in the radiation boiler is turned over and allowed to ascend behind the radiation boiler. 
Therefore, the radiation boiler has an increased area for heat transfer to increase the amount of recovered steam 
and also to increase a temperature drop of the gas. 

(4) The lower end of the radiation boiler is submerged in water for blowing gas and slag into the water to quench 
55 them. 

(5) The combustion chamber is of a two-chamber structure having a vertical primary combustion chamber and an 
inclined secondary combustion chamber for thereby increasing the residence time of slag in the combustion cham- 
ber and reducing residual carbon. 
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(6) A swirling flow of gaseous materials is created, and oxygen is supplied to an outer circumferential portion of the 
swirling flow, thereby increasing a gasification conversion ratio of particulate combustibles. 

(7) The swirling flow of gaseous materials is formed inwardly in spaced relation to an inner wall surface of the com- 
bustion chamber for thereby reducing damage to the inner wall surface. 

Industrial Applicability 

[0068] According to the present invention, wastes such as municipal wastes, plastic wastes or coal, and combustibles 
are gasified, and gas generated by gasification is utilized for chemical industry or utilized as fuel. 

Claims 

1. A swirling-type melting furnace comprising: 

a vertical combustion chamber for gasifying or combusting combustibles at a high temperature while swirling 
said combustibles; and 

a slag separation chamber for separating and cooling molten slag generated by gasification or combustion of 
said combustibles, said combustion chamber and said slag separation chamber being integrated. 

2. A swirling-type melting furnace according to claim 1 , wherein said slag separation chamber is connected to a lower 
portion of said combustion chamber, and has a radiation boiler therein, a gas outlet in a side thereof, and a water 
tank on a bottom thereof. 

3. A swirling-type melting furnace according to claim 1 , wherein a space is provided between a radiation boiler and a 
side of said slag separation chamber, and a gas passage is provided between said radiation boiler and a water level 
in the water tank. 

4. A swirling-type melting furnace according to claim 1 , wherein a space is provided between a radiation boiler and a 
side of said slag separation chamber, and said radiation boiler is submerged in water in said water tank. 

5. A swirling-type melting furnace according to claim 1, 2, 3, or 4, wherein said combustion chamber is of a boiler 
structure. 

6. A swirling-type melting furnace according to claim 1, 2, 3, 4, or 5, wherein said combustion chamber comprises a 
vertical primary combustion chamber and an inclined secondary combustion chamber, and said slag separation 
chamber is connected to a lower portion of said secondary combustion chamber. 

7. A swirling-type melting furnace according to any one of claims 1 to 6, wherein said combustibles supplied to said 
swirling-type melting furnace comprises gas containing solid carbon generated by gasification of combustible 
wastes and/or coal at a low temperature. 

8. A swirling-type melting furnace having a combustion chamber for gasifying or combusting combustible gaseous 
materials containing a particulate solid at a high temperature, and a slag separation chamber for cooling and recov- 
ering generated slag, comprising: 

an introduction section for said gaseous materials which is coaxial and connected with said combustion cham- 
ber and has a diameter which is 1/4 to 3/4 of a diameter of said combustion chamber; 
an inlet provided in said introduction section and directed tangentially to a horizontal cross section of said intro- 
duction section; and 

blowing nozzles provided in said combustion chamber at a position immediately below said introduction sec- 
tion, for blowing an oxygen-containing gas. 

9. A swirling-type melting furnace according to claim 8, wherein said blowing nozzles comprise at least two nozzles 
provided in a side of said combustion chamber at a position immediately below said introduction section, directed 
substantially tangentially to a hypothetical cylinder which is an extension of an inner wall surface of said introduc- 
tion section, and inclined at an angle ranging from 10 to 70° downwardly from the horizon. 

10. A swirling-type melting furnace according to claim 8 or 9, wherein said combustion chamber has an internal tem- 
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perature ranging from 1 200 to 1 600°C. 

11. A swirling-type melting furnace according to claim 8, 9, or 10, wherein said combustion chamber has an internal 
pressure near atmospheric pressure or ranging from 5 to 90 atg. 

5 

12. A swirling-type melting furnace according to any one of claims 8 to 1 1, wherein said oxygen-containing gas com- 
prises air or oxygen-enriched air or oxygen to which steam or carbon dioxide is added. 

13. A swirling-type melting furnace according to any one of claims 8 to 12, wherein said combustion chamber is of a 
10 boiler structure with water tubes disposed in a furnace refractory. 

14. A swirling-type melting furnace according to any one of claims 8 to 13, wherein said slag separation chamber is 
connected to a lower portion of said combustion chamber, and has a guide tube therein, a water tank on a bottom 
thereof, and a gas outlet in a side thereof. 

15. A swirling-type melting furnace according to claim 14, wherein said guide tube has a lower end positioned above 
water level of said water tank or in water in said water tank. 

1 6. A swirling-type melting furnace according to any one of claims 8 to 1 5, wherein said combustible gaseous materials 
20 containing the particulate solid comprise gas containing char generated by gasification in a low-temperature gasi- 
fication furnace in a preceding process. 

17. A swirling-type melting furnace having a combustion chamber for gasifying or combusting combustible gaseous 
materials containing a particulate solid at a high temperature, and a slag separation chamber for cooling and recov- 

25 ering generated slag, characterized in that: 

a swirling flow of gaseous materials supplied to said combustion chamber is formed inwardly spaced from an 
inner wall surface of said combustion chamber. 

30 18. A swirling-type melting furnace having a combustion chamber for gasifying or combusting combustible gaseous 
materials containing a particulate solid at a high temperature, and a slag separation chamber for cooling and recov- 
ering generated slag, characterized in that: 

a swirling flow of gaseous materials supplied to said combustion chamber is formed, said swirling flow includ- 
35 ing an outer swirling flow primarily containing particulate combustibles and an inner swirling flow primarily con- 

taining gaseous combustibles; and that: 

oxygen is supplied through an inner wall of said combustion chamber to said outer swirling flow primarily con- 
taining said particulate combustibles for thereby accelerating gasification of said particulate combustibles. 

40 19. A swirling-type melting furnace according to claim 18, wherein said combustible gaseous materials containing the 
particulate solid and an oxygen-containing pas are blown into said combustion chamber at an angle ranging from 
3 to 15° downwardly from the horizon. 

20. A method of gasifying wastes by gasifying or combusting combustibles at a high temperature, and separating and 
45 cooling molten slag generated in a swirling-type melting furnace having a combustion chamber and a slag separa- 
tion chamber, characterized in that: 

said slag separation chamber is connected to a lower portion of said combustion chamber, and has a radiation 
boiler therein, a gas outlet in a side thereof, and a water tank on a bottom thereof; and that: 
so gas and slag generated in said combustion chamber flow downwardly in said radiation boiler in said slag sep- 

aration chamber, and then the gas is discharged from said gas outlet in said side of said slag separation cham- 
ber and the slag falls into said water tank and is quenched therein. 

21 . A method of gasifying wastes according to claim 20, wherein said gas discharged from said gas outlet is processed 
55 for heat recovery and/or scrubbing by a convection boiler and/or a scrubber. 
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